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PRINTER INK CARTRIDGE 


Background of the Invention 


Field of the Invention 


5 


The present invention relates generally to the field of printer ink cartridges. 


Description of the Related Technology 

Ink cartridges are used in ink jet printers, a class of noncontact printers characterized by rapid heating and 
expulsion of ink from nozzles onto paper. Many printer ink cartridges are passive devices, Le., use passive 
components on a jet plate assembly, such as resistors, to heat the ink in the cartridge to a point that it will expel 
10 from jet nozzles or openings in the jet plate. The resistors are formed utilizing thick or thin film technology on a 
substrate. Typically, one resistor per orifice or jet is required. These passive printer ink cartridges are "dumb" 
devices because they require an interface to control and driver circuitry on the printer to determine when each 
nozzles on the cartridge is to be fired. 


15 as the cartridge moves along the page. One of the first printer ink cartridges that used this passive design was 
designed by Hewlett-Packard in approximately 1984 and was sold under the trade name ThinkJet Cartridge. The 
Think Jet Cartridge had 12 jet nozzles and required 13 interconnect lines to the printer system to control the 
application of ink by the cartridge. The design and operation of the ThinkJet cartridge is described in more detail 
in an article entitled, "History of ThinkJet Printhead Development", published in The Hewlett-Packard Journal dated 

20 May 1985. 

In approximately 1987, Hewlett-Packard developed the DeskJet thermal inkjet cartridge which increased 
the number of jets on the printer ink cartridge to fifty. However, the DeskJet Cartridge is also a passive device that 
requires an interface to control and driver circuits on the printer to activate the jets. The DeskJet cartridge has fifty 
jets and requires fifty-six interconnect lines to the printer system to control the application of ink by the cartridge. 
25 The design and operation of the original DeskJet cartridge is described in more detail in an article entitled, "Low Cost 
Plain Paper Printing," published in The Hewlett-Packard Journal dated August 1992. 

Recently, Hewlett-Packard designed a thermal printer ink cartridge, Part No. HP51S40, used in a DeskJet 
1200 printer also by Hewlett-Packard which incorporated a portion of the driver electronics and some control logic 

30 onto the jet plate of the printer ink cartridge. In this particular case, the jet plate is composed of the following 
structures: (1) a silicon substrate which houses the driver control circuitry for each jet, (2) some control logic 
circuitry to determine which jet is to be fired, and (3) the heat generating resistors. Since the driver control circuitry 
and the control logic circuitry is proximate to the heat generating resistors, the driver control logic circuitry is 
susceptible to the heat generated by the heat generating resistors. The jet plate is located proximate to the jet 

35 nozzles to heat the ink for expulsion. The design and operation of the DeskJet 1200 cartridge is described in more 
detail in two articles entitled, "The Third-Generation HP Thermal InkJet Printhead" and Development of the HP 
DeskJet 1200C Print Cartridge Platform" published in The Hewlett-Packard Journal dated February 1994. 


The printer sends control signals to the resistors on the cartridge to control the firing sequence of the jets 
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ln addition, Canon has incorporated the driver circuitry and some control logic circuitry on the jet plate 
assembly in their BubbleJet BJ-02 cartridge, which was developed for use with the BubbleJet printer. The jet plate 
assembly on the BubbleJet cartridge is basically an aluminum plate which acts as a heat sink, a PC board, and a 
silicon substrate. The silicon substrate comprises some driver circuitry, some logic circuitry, and the haat generating 

5 resistors. The heat generating resistors are encapsulated and form little cave-like channels such that the ink is 
directed into the channels and then ejected through the process of heating the ink and causing bubbles to eject the 
ink across the silicon substrate. Since the ink comes into contact with the silicon substrate, the substrate must be 
protected by a barrier layer which is not effected by the chemicals in the ink. 

In addition, none of the above cartridges have any memory storage capacity. Therefore, the cartridge is 

10 not able to store any data regarding the amount of ink remaining in the cartridge or the type or color of ink in the 
cartridge. Although, some cartridges contain some control and driver circuitry on the cartridge, the cartridge remains 
a dumb device because the cartridge cannot provide any information to the printer device concerning the status of 
the cartridge or the ink in the cartridge. 

As is known to those of skill in the art of silicon circuit fabrication, the larger the circuit that is produced 

15 on a silicon substrate, the harder the circuit is to manufacture. In addition, as the size of the circuit increases, the 
yield of operable circuits that are produced decreases. Further, as the circuit size increases, the potential for long 
term reliability problems increases. Therefore, the manufacturing costs rise dramatically with the increased size of 
the circuit that is produced on silicon. 

In the case of developing a silicon integrated circuit on a jet plate to drive and control the operation of the 

20 jets, a number of factors directly affect the size of the circuitry required. Initially, each jet nozzle requires one 
heating element, such as a resistor, one drive control circuit and one or more control signals to indicate when the 
jet nozzle is to be fired. As the number of jets increase, the size of the silicon substrate required to house the driver 
circuits, control circuits and the heating elements increases proportionally to the number of added jets. Also, the 
increased number of jets, for example 84 jets, requires a silicon die having an inefficient shape or having a large 

25 aspect ratio, i.e., a die having a long length and a short width, because the increased number of jets causes the die 
to increase in length. Both large dies and dies with a large aspect ratio are very difficult to manufacture, further 
decreasing processes yields and increasing production costs. 

In addition to the problems of silicon yield for such large circuits, the circuitry on the jet plate must be able 
to withstand the heat generated by the resistors as well as problems associated with silicon coming into constant 

30 contact with moving heated ink. Therefore, the production of the silicon integrated circuit on the jet plate must 
include additional steps to prevent long-term degradation of the silicon due to contact with the chemicals in the ink. 
to cavitation problems caused by the moving ink, etc. These processes increase the. production costs for making 
a jet plate. These same processes may also decrease the performance characteristics of the driver and logic circuits 
on the jet plate. Further, these processes cannot be used to form a memory device. 

35 Summary of the Invention 
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In one embodiment, a printer ink cartridge provides some control and driver circuitry on the printer ink 
cartridge without adding complexities to the manufacture of the jet plate assembly and without decreasing the 
performance characteristics of the driver and logic circuitry. In this embodiment, the control and driver circuit is 
attached to the cartridge body spaced apart from a jet plate, and electrical conductors connect the jet plate to the 
5 control and driver circuit. In this embodiment, the control and driver circuit is coupled to electrical contacts which 
connect to contacts on a device remote from the printer cartridge for communicating information to/from a location 
remote from the printer ink cartridge. In one preferred embodiment, the control and driver circuit is housed on an 
integrated circuit. 


10 memory storage element and control and driver circuitry on the printer ink cartridge without adding complexities to 
the manufacture of the jet plate assembly and without decreasing the performance characteristics of the control and 
driver circuitry and the memory access times. In this embodiment, the control and driver circuit is formed on one 
integrated circuit and the memory storage element is formed on a separate integrated circuit. In another embodiment, 
the memory storage element and the control and driver circuitry are formed on a single applications specific 

15 integrated circuit (ASIC). Preferably, the integrated circuit that contains the memory storage element and the control 
and driver circuit is attached to the cartridge body spaced apart from the jet plate, and electrical conductors connect 
the jet plate to the integrated circuit. The control and driver circuit is coupled to exposed electrical contacts which 
connect to exposed contacts on a device remote from the printer cartridge for communicating information to/from 
a location remote from the printer ink cartridge. 

20 A portion of the control circuit is connected to the plurality of driver circuits to control when one of the 

driver circuits is energized. Each of the driver circuits is connected to an associated one of a plurality of heating 
elements. In one embodiment, the heating element is a resistor. Each heating element is located proximate to an 
associated ink ejection orifice. When one of the driver circuits is energized, its associated heating element is 
energized. The energization of the heating elements heats a portion of ink to expel the ink from the ink ejection 

25 orifice for applying a drop of ink. 

In one embodiment, the cartridge stores information regarding the printer ink cartridge and the ink stored 
within the cartridge. By way of a specific example, the following types of information are advantageously stored: 
ink type, ink color, lot number of the ink, date of manufacture of the cartridge, data from a spectral analysis of the 


In another embodiment, the cartridges calculates and stores of the initial amount of ink stored in the 
cartridge body, amount of ink delivered, and amount of ink-remaining in the cartridge. This feature is advantageously 
provided by the combination of the memory storage element and a counter within the control and driver circuit 
further for counting the number of times the heating elements on the cartridge are energized. After the counter 
35 reaches a specified number or after a specified time period, the counter stores a value in a nonvolatile memory 
storage element which is representative of an approximate number of drops of ink that are applied by the cartridge. 


In another embodiment, the printer ink cartridge provides both the capacity to stora information on a 


30 


ink. 
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ln addition, the manufacturing and durability problems associated with combining the control and driver 
circuitry and/or a memory storage element with the jet plate ere elated. However, by locating the control and 
driver circuit on the ink cartridge, a minimum number of contacts to connect to a remote device is required to control 
the cartridge operations. One embodiment of the printer ink cartridge enables stored information on the cartridge 
5 to be communicated to the remote device to assist in the controlling of the cartridge operations. Further, by locating 
the control and driver circuit on the cartridge uniform drop formation and improved print quality is achieved. 

Brief Description of the Drawings 
Figure 1 is a perspective view of a plurality of printer ink cartridges of the present invention installed in 
a typical printer/plotter carriage assembly. 
1 o Figure 2 is a perspective view of the pref erred embodiment of the printer ink cartridge. 

Figure 3 is a cutaway perspective view of the printer ink cartridge of Figure 2. illustrating the jet plate. 

flexible connector and integrated circuit. 

Figure 4 is a schematic diagram of the jet plate in communication with the plurality of jets. 

Figure 5 is a block diagram of the control and driver circuit in combination with the memory storage 

15 element. 

Figure 6 is a schematic diagram of the connection of the jets on the jet plate to the integrated circuit on 
the cartridge and the connection from the integrated circuit to the exposed electrical contacts. 

Figure 7 is an exploded perspective view of the printer ink cartridge illustrated in Figure 2. 
Detailed Description of thw Preferred Embodiments 
20 The printer ink cartridge of the present invention is used in combination with a typical printer device which 

is described in association with Figure 1. A printer carriage assembly 10 is supported on the top face of a printer 
housing 12, which is a part of a typical printer device. As an example of a printer device, the assignee of the 
present application sells a thermal ink jet printer device under the trade name of NovaJet II. An operations manual 
of the NovaJet II printer entitled "NovaJet II User's Guide" (Encad Part No. 202409) is hereby incorporated by 
25 reference. The housing 12 is supported by a pair of legs (not shown) and encloses various electrical and mechanical 
components related to the operation of the printer/plotter device, but not directly pertinent to the present invention. 

A pair of slidable roll holders 14 is mounted to a rear side 16 of the housing 12. A roll of continuous print 
media (not shown) can be mounted on the roll holders 14 to enable a continuous supply of paper to be provided to 
the printer/plotter carriage assembly 10. Otherwise, individual sheets of paper may be fed into the rear side 16 of 
30 the housing as needed. A portion of a top side 17 of the housing 12 forms a platen 18 upon which the 
printing/plotting is performed by select deposition of ink droplets on to the paper. The paper is guided from the rear 
side 16 of the housing 10 under a support structure 20 and across the platen 18 by a plurality of drive rollers 19 

which are spaced along the platen 18. 

The support structure 20 is mounted to the top side 17 of the housing 12 with sufficient clearance 
35 between the platen 18 and the support structure 20 along a central portion of the platen 18 to enable a sheet of 
paper which is to be printed on to pass between the platen 18 and the support structure 20. The support structure 
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20 supports a print carriage 22 above the platen 18. The support structure 20 comprises a guide rod 24 and a 
coded strip support member 26 positioned parallel to the longitudinal axis of the housing 12 

The print carriage 22 comprises 8 plurality of printer cartridge holders 34 each with a printer cartridge 40 
mounted therein. The print carriage 22 also comprises a spirt sleeve 36 which slidabty engages the guide rod 24 
to enable motion of the print carriage 22 along the guide rod 24 and to define a linear path, as shown by the bi- 
directional arrow in Figure 1, along which the print carriage 22 moves. A motor (not shown) and drive belt 
mechanism 38 are used to drive the print carriage 22 along the guide rod 24. 

Focusing on one embodiment of the printer ink cartridge 40 of the present invention, as illustrated in Figure 
2 and Figure 3, the printer ink cartridge 40 comprises a cartridge body 42, a jet plate assembly 44, a plurality of 
electrical conductors formed into a flexible connector 46, a control and driver circuit 47 (Figure 5), and a first 
plurality of electrical contacts 50. In the preferred embodiment, the printer ink cartridge 40 is adapted for use with 
an ink jet printer. Preferably, the control and driver circuit 47 is formed on an integrated circuit 49. 

In another embodiment of the printer ink cartridge 40 of the present invention, the printer ink cartridge 40 
comprises a cartridge body 42, a jet plate assembly 44, a plurality of electrical conductors formed into a flexible 
connector 46, a control and driver circuit 47 (Figure 5), a first plurality of electrical contacts 50 and a memory 
storage element 48 (Figure 5). Preferably, the control and driver circuit 47 and the memory storage element 48 are 
formed on a single application specific integrated circuit (ASIC) 49. Alternatively, the control and driver circuit 47 
and the memory storage element 48 can be formed on their own individual integrated circuit. The two individual 
integrated circuits are connected together by an additional plurality of conductors. 

In Figure 2, the cartridge body 42 is shown as mostly rectangular due to the ease in which a rectangular 
cartridge body can.be manufactured. As will be recognised by those of skill in the art, the cartridge body 42 may 
take on any number of shapes to accommodate the desired, volume of ink and/or the envelope of a printer/plotter 
housing, if the cartridge 40 is enclosed within such a housing. 

The cartridge body 42 further comprises an ink reservoir 52 and a manifold assembly in the area referred 
to as 54. The ink reservoir 52 may take on any number of shapes to accommodate a preferred volume of ink and 
to conform to the envelope of the cartridge body 42. The capacity of the ink reservoir 52 of the one embodiment 
is 120 ml of ink. The manifold assembly 54 is designed to route the ink from the reservoir 52 at a desired flow 
rate and to deliver a desired volume of ink to the jet plate assembly 44 (Figure 3). The design of such a manifold 
54 is known to those of skill in the art. 

Referring now to Figure 3, the flexible connector 46 preferably comprises a first plurality of electrical 
conductors 58, wherein one side 60 of each of the first plurality of conductors 58 is connected to the jet plate 
assembly 44. An opposite side 62 of each of the first plurality of electrical conductors 58 is connected to the 
integrated circuit 49 to electrically interconnect the jet plate assembly 44 and the drive control logic integrated circuit 
49. A second plurality of electrical conductors 64 on the flexible electrical connector 46 terminate at one end 66 
into the first plurality of electrical contacts 50 and are connected at an opposite end 68 to the integrated circuit 
49. Preferably/ the first and second plurality of electrical conductors 58, 64 are encased in a polymeric flexible 
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coating In the preferred embodiment, the polymeric flexible coating comprises Kapton tape 70. availabte from 3M 
Corporation. The preferred layout of the electrical conductors 58. 64 on the foible connector 46 is described in 
more detail below in association with Figure 6. 

The first plurality of contacts 50 are preferably coated whh a conductive metal, such as gold, to provide 
a conducts surface. In one embodiment, the electrical contacts 50 are exposed contacts. The contacts 50 are used 
to communicate with a device (e.g.. printer system 91. Fhjure 5) remote from the prmter cartridge 40. Preferab.y, 
each of the first plurality of electrical contacts 50 on the flexible connector 46 mate whh a correspondmg one of 
a second plurauty of electrical contacts (not shown) on the printer cartridge holders 34 (Figure 1) to receive/transmrt 
information to/from the printer system 91 (Figure 5). 

The jet plate 44 preferably comprises a plurality of heating elements 72 end a plurality of ink channels (not 
shown) In a preferred embodonent as illustrated in Fkjure 4, the heating elements 72 are res«tors. In addition, 
the jet plate assembly 44 is associated with a plurality of mk ejection orifices 74. also referred to a, nozzles or , e ,s. 
,„ the preferred embodiment there are eightyfour ink ejection orifices 74. The eiflhty four ink ejection orrf.ces 74 
ar8 divided into six banks 76 of fourteen ink ejection orifices 74. Each of the plurality of ink ejection orifices 74 
is located proximate to an associated ink channel (not shown) and an associated heating element 72 on the ,et plate 
44 Each of the plurality of ink channels routes ink from the manifold 54 to its associated ink ejecfon orrfce 74. 
Each heating element 72 is located proximate to its associated ink ejection orifice 74 to enable the direct heanng 
of the ink delivered by its associated channel. The plurality of heating elements 72 on the jet plate 44 are 
connected to a set of driver signal lines 78 and a set of control signs, lines 80 generated by the control and drwer 
,ogic circuit 47 (Figure 1) to receive energization signals to control the firing sequence of the ink eject,on onhces 
74 As illustrated in Figure 4. all of the heating elements 72 in a bank are connected at one end to one of the set 
of contro. signal lines 80 assigned to the bank 76. Each of the ooposrte ends of the heating elements 72 „ 
connected to an associated one of the set of driver signal lines 78. In the preferred embedment, the set of drwer 
signal lines 78 comprises eighty-four signal lines. i.e. ( one driver signa. line 78 for each heating element 72. and the 
set of contro. signa. lines 80 comprises six signa. lines. Le.. one control signa. Kne 80 for each bank 76 of .nk 
ejection orifices 74. In the preferred embodunent. the set of driver signal lines 78 comprise the signals Jet Res1. 
Jet Res2 Jet Res84. the set of which are referred to as the Jet Res[1:84| signa. lines 78. In the preferred 
embodiment, the set of control signal lines 80 comprise the signals Commonl. Common2. Common3. Common4, 
Common5 and CommonB, the set of which are referred to as the Commonl1:6| signa. lines 80. Upon the rece.pt 
of the energization signal, the heating element 72 heats the ink to a vaporization point until it b expelled through 
the associated ink ejection orifice 74. The heating and expulsion of the ink is symbofced by the arrows 82 in F.gure 
4 The design of such a jet plate assembly 44 is known to those of skill in the art and is described in an artde 
entitled "Low Cost Plain Paper Printing." published in ThP Hewlett-Packard Journaj dated August 1992. 

Figure 5 illustrates a schematic block diagram of the contro. and driver circuit 47 and the memory storage 
e ,ement 48. The memory storage element 48 is preferably connected to the contro. and driver circuit 47 to enable 
information to be routed from an external system, such as a prater system 91. to the memory storage etement 48. 
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In a preferred embodiment, the memory storage element 48 is an EEPROM. In an alternate embodiment, the memory 
storage element 48 is a flash memory. In another alternate embodiment, the memory storage element 48 is a one 
time programmable read only memory (PROM). In a further alternate embodiment, the memory storage element 48 
is a RAM, wherein the RAM is connected to a battery power supply on the RAM chip which enables the RAM to 
store data when the cartridge 40 is not connected to an external device. These types of RAM and battery power 
supply units, also referred to as nonvolatile RAM, are know to those of skill in the art, such as the OS 1220AB/AD 
manufactured by Dallas Semiconductor. Any other type of memory storage element 48 known to those of skill in 
the art may be utilized so long as the memory element 48 is able to store data when external power is not applied 
to the cartridge 40. 

As is known to those of skill in the art, nonvolatile memory storage units, such as EEPROM and flash 
memory can require a large amount of time to access. In a preferred embodiment, in addition to the circuitry 
described below, the control and driver circuit 47 comprises a plurality of flip-flops 83. The flip-flops 83 are 
temporary storage devices from which data can be retrieved quicker than from the memory storage element 48. 
Data from the memory storage element 48 which need to be accessed quickly is transferred to the plurality of flip- 
flops 83 for easy access. When the cartridge is about to be powered down, the data stored in the temporary flip- 
flops 83 may be transferred to the memory storage element 48 for nonvolatile storage. This nonvolatile storage 
feature is advantageous because the printer can be turned off or the printer ink cartridge 40 can be removed from 
the printer and the memory storage element 48 will still retain the data in the nonvolatile memory on the cartridge 
40. 

The control and driver circuit 47 preferably comprises the following components: a serial to/from parallel 
converter 84, a logic block 86 and a plurality of driver circuits 88. Each of the driver circuits 88 preferably 
comprises an AND gate 110 and a transistor 112. In a preferred embodiment, the control and driver circuit 47 
further comprises a counter 89. Electrical lines conduct the following power and control signals to/from an external 
device, such as a printer system 91: a first ground signal 90, a first * 15V power signal 92, a shift signal 94, a 
reset signal 96, a DATA OUT (DOUT) signal 98, a head strobe (HTSB) signal 100, a DATA IN (DIN) signal 102, a 
+ 5V power signal 104, a second ground signal 106 and a second +15V signal 108. The first +15V power signal 
92 and the second +15V power signal 108 are connected together in the control and driver circuit 47 and deliver 
+ 15V to the Common!! :6] signals 80 and to the logic block 86 when power is applied to the printer cartridge 40 
from the external device. 

Preferably, data is delivered from the external system 91, such as a printer system, to the ink cartridge 
40 (Figure 2) on the DATA IN (DIN) line 102. The shift signal 94 is used to synchronize the.data sent to/received 
from the printer ink cartridge 40 to the clock rates on the external system 91. With each rising clock edge of the 
shift signal 94, one bit of data on the DATA IN line 102 is shifted into the serial to/from parallel converter 84. The 
serial to/from parallel converter 84 continues to receive data on the DATA IN line 102 until the serial to/from parallel 
converter 84 is full. Once the serial to/from parallel converter 84 is full, a parallel word of data 105 is shifted out 
of the converter 84 and into the logic block 86. 
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The paraOel word of data 105 may contain both command bit* and data bits. Tha command bits indicate 
to the logic block 86 the location that the data bits are to be routed and/or tha type action that the logic block 86 
should perform on the data bits. For example, if the command bits indicate that a heating element 72 (Figure 4) 
is to be energized, the data bits delivered to the logic block 86 contain the address of the specific jet 74 (Figure 
4) in a bank 76 of ink ejection orifices 74 thet is to be energized and the firing data for the specific ink ejection 
orifice 74 in the bank 76 that is delivered to the logic block 86. Upon receiving tha energize an ink ejection orifice 
command, the logic block 86 processes the received data bits and activates one of a set of sequence control signals 
on the Hnes 107, SE0J1:141. indicating which of the fourteen ink ejection orifices 74 in a given bank 76 that is to 
be fired. Preferably, the sequence control signals on the lines 107, Le., SEQJ1:14]. representing each orifice 74 in 
a given bank 76 is automatically cycled though for each bank 76 in rapid succession. The sequence control signals 
on the fines 107 ere delivered from the logic block 86 to the AND gate 110 of the driver circuit 88. 

Also from the paraUel word of data 105, a plurality of jet data signals on the lines 109 indicate if the 
addressed jet is to be fired or to be skipped. The jet data signals on the lines 109 are delivered from the logic block 
86 to the AND gate 110 of the driver circuit 88. If the jet data signal 109 is at a logic high level, the jet is to 
be fired. If the jet data signal 109 is at a logic low level, the jet is to be skipped. 

When the addressed jet is to be activated, the head strobe signal (HTSB) 100 is received from the printer 
system at a logic tow level. The HTSB signal 100 is inverted and gated with other signals in the logic block 86 
and is output by the logic block as an STB signal on the line 103. The STB signal on the line 103 is delivered to 
each of the AND gates 110 of the driver circuits 88. The receipt of a logic high STB signal 103. a logic high jet 
data signal 109 and a logic high, or active, sequence control signal 107 activates the AND gate 110 of the 
addressed driver circuit 88. The logic high level, or active, output of the AND gate 110 causes the transistor 112 
of the driver circuit to be active. The active transistor 112 connects the driver signal line 78 assigned to the 
addressed jet number, i.e., the eppropriate Jet Res(1:84J signal lines 78, to the first ground signal 90. 

Now referring to Figures 4 and 5, the Common(1:6| signals are connected to +15V on one end. The 
activated driver signal 78, i.e., the active Jet Res[1:84] signal, delivers a first ground signal 90 to an opposite side 
of the addressed heating element 72. The remainder of the driver circuits 88 which are not activated have a * 1 5V 
CommonH :6] signal connected to one end end a deactivated transistor 1 1 2 at the opposite end, therefore no current 
flows though these heating elements 72. The addressed heating element 72 which has a + 15V Common[1:6l signal 
80 connected to one end and a grounded Jet Res[1:84] signal 78 connected to the other end will have a sufficient 
current flow though the heating element 72, such as a resistor, to energize the heating element 72. Once the 
heating element 72 is energized, the ink is heated and the ink ejection orifice 74 is fired. 

• In Figure 5, if the command bits from the parallel word 105 indicate that data, such as ink type, ink color, 
lot number of the ink. etc.. is to be stored in the memory storage element 48, the data bits from the parallel word 
105 delivered to the logic block 86 contain the address location and the data that is to be stored in the storage 
element 48. Upon receiving the store data command, the logic block 86 first routes the address of the location 
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where the data is to be stored to the memory storage element 48. Then the logic block 86 routes the data to the 
memory storage element 48 for storage. 

If the command bits indicate that data, such as ink color, data from a spectral analysis of the ink P initial 
amount of ink stored in the cartridge body, remaining ink capacity, etc., is to be retrieved from the memory storage 
5 element 48, the data bits delivered to the logic block 86 contain the address location of the data that is to be 
retrieved from the storage element 48. Upon receiving the retrieve data command, the logic block 86 processes the 
data request and routes the address of the requested data to the memory storage element 48. The requested data 
from the memory storage element 48 is returned to the logic block 86 for routing to an external system 91. 

If status information needs to be sent from the control and driver circuit 47 to the external system 91, 

10 such as m the case of a data request, a parallel word of data 105 is sent from the logic block 86 to the serial 
to/from parallel converter 84. Upon the receipt of each clock edge from the shift signal 84, one bit of data is 
shifted out of the serial to/from parallel converter 84 onto the DATA OUT (OOUT) line 98 and is delivered to the 
external system 91. If the external system 91 needs to reset the electronics of the control and driver circuit 47, 
a reset signal 96 from the external system is connected to the serial to/from parallel converter 84 and the logic block 

15 86. When the external system 91 initiates a reset during power-up or any other reset situation, the receipt of the 
reset signal 96 causes the serial to/from parallel converter 84 and the logic block 86 to reset to a known 
initialization condition. 

Preferably, the counter 89 is incremented each time a driver circuit 88 connected to one of the heating 
elements 72 is energized. In an alternate embodiment, the counter 89 is incremented each time a plurality of driver 

20 circuits 88 are energized. More preferably, the counter 89 is incremented each time at least one of the driver 
circuits 88 are energized. The counter 89 is a binary counter which can be stored in the memory element 48. The 
number of times that the driver circuits 88 are energized is representative of the number of drops of ink that have 
been expelled by the cartridge 40. In the preferred embodiment, the cartridge 40 stores 120 ml of ink. Assuming 
one drop of ink equals about 140 picoliters of ink, a 120 ml cartridge can hold approximately 857 million drops of 

25 ink. In the preferred embodiment, the counter 89 is a 32-bit binary counter which can easily count up to 857 
million. The number of drops of ink that have been expelled by the cartridge 40 (Figure 2) can be determined by 
reading the number in the counter 89. Preferably, the value of the counter 89 is stored in the memory storage 
element 48 at a specified time interval, as per an instruction received by the logic block 86. 

In an alternate embodiment, the counter 79 is a binary counter which is set to count to a specified number. 

30 After the counter 89 reaches the specified number, the counter 89 outputs a bit indicating that the maximum value 
of the counter 89 has been reached and the counter 89 resets itself to zero. Each time the counter reaches its 
maximum value, the output bit is stored in the memory element 48. Thus, in the alternate embodiment, an 
approximate number of drops of ink that have been expelled by the cartridge 40 can be calculated by multiplying 
the number of bits stored in the memory storage element 48 by the maximum value of the counter 89. The 

35 maximum value of the counter 89 should be able to count a number of drops which is equivalent to approximately 
3-5% of the total volume of ink stored in the cartridge 40. If the counter is to be able to count a number of drops 
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equivalent to 3-5% of the total volume of ink. the maximum value of the counter is approximately 40 million. If the 
cartridge hold 120 ml of ink. the maxknum value of the binary counter in the alternate embodiment a 2 s . In the 
alternate embodiment, the number of drops of ink that have been expelled by the cartridge 40 can be calculated by 
multiplying the number of data bits stored in the memory storage element 48 by said maximum value of the counter 
5 89. 

Preferably, the initial ink volume in drops of ink is stored in the memory storage element 48. With the 
capacity of the ink jet cartridge stored in the memory element 48 and from the number of drops of ink that have 
been utilized, represented by the value stored in the memory storage element 48. the logic block 86 can calculate 
the number of drops of ink that are remaining in the ink jet cartridge. It is desirable to have access to the 
10 approximate amount of ink remaining in the cartridge before a large print job is started. In many cases large print 
jobs are run at night when no one is around to monitor the printing. Therefore, it would be advantageous to be able 
to determine how much ink is remaining in the print cartridge 40 before a large overnight print job is run. If the 
amount of ink remaining in the cartridge 40 is low. the cartridge 40 can be changed before the print job is started. 
In a preferred embodiment, the memory storage element 48 is capable of storing information regarding the 
15 printer ink cartridge 40 and the ink stored within the cartridge 40. An exemplary list of data that the memory 
storage element 48 can store is as follows: ink type, ink color, lot number of the ink, date of manufacture of the 
cartridge, data from a spectral analysis of the ink. initial amount of ink stored in the cartridge body, amount of ink 
delivered, and amount of ink remaining in the cartridge. Other types of data that may be desirable to store in the 
memory storage element 48 is data related to the types of printers with which the cartridge 40 can operate, such 
20 as the maximum rate of ink droplet deposition of which the printer is capable, carriage speed, one way or bi- 
directional printing capabilities, etc. As will be recognized by those of skill in that art. any type of data can be 
stored in the memory storage element 48 and the above lists are considered exemplary of the types of data that 
may be desirable to be stored and should by no means be considered exhaustive. 

Figure 6 is a schematic diagram of the currently preferred layout of the first plurality of electrical 
25 conductors 58 connecting the jet plate assembly 44 to the integrated circuit 49 and of the second plurality of 
electrical conductors 64 connecting the integrated circuit 49 to the contacts 50 on the flexible connector 46. The 
first plurality of conductors 58 is further broken down into a set of driver conductors 78 and a set of bank control 
conductors 80. In the preferred embedment, the first plurality of electrical conductors 58 comprises ninety 
conductors, i.e.. a set of eight-four driver conductors 78 and a set of six control conductors 80. The second set 
30 of conductors 64 comprises ten conductors, i.e.. one conductor for each contact 50. The ten contacts 50 preferably 
carry the following power and control signals from the external device, such as a printer: the first ground signal 90, 
the first *15V power signal 92. the shift signal 94. the reset signal 96. the DATA OUT (DOUT) signal 98. the head 
- . strobe IHTSB) signal 100. the DATA IN (DIN) signal 102. the + 5V power signal 104. the second ground signal 106 
, and the second -15V signal 108, respectively. All of the signals from the external system 91 that are sent through 
■ 35 ■ • : the contacts 50 are delivered directly to the integrated circuit 49. The control and driver circuit 47 on the integrated 
■ . circuit 49 operates on the signals from the external device as described above to generate the driver signals 78 and 
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the control signals 80. The driver signals 78 and control signals 80 generated on the integrated circuit 49 are routed 
directly to the jet plate assembly 44. As will be recognized by one of skiD in the art, a number of different wiring 
layouts of the first plurality and the second plurality of electrical conductors 58, 64 are possible. The wiring layout 
of Figure 6 is the currently preferred wiring layout, however any number of other operable layouts may be substituted 
5 for the illustrated embodiment without effecting the operation of the ink cartridge 40 of the present invention. 

Referring to Figure 7, the assembly- of the jet plate assembly 44, the flexible connector 46 and the 
integrated circuit 49 to the body 42 of the printer ink cartridge 40 is described as follows. The first and second 
plurality of electrical conductors 58, 64 are preferably formed as electrical traces on a first side 1 14 of the flexible 
connector 46 utilizing a conventional photolithographic etching process. The first plurality of electrical contacts 50 
10 are located on a second side 116 of the flexible connector 46. An electrical connection from each of the second 
plurality of electrical conductors 64 on the first side 114 of the flexible connector 46 is made to the appropriate 
contacts 50 on the second side 116 of the flexible connector 46 by a through hole (not shown) formed in the 
connector 46. 

The flexible connector 46 comprises a first opening 122 and a connecting pad 124. The integrated circuit 
15 49 is bonded to the connecting pad 124 utilizing an adhesive bond. The first and second plurality of electrical 
conductors 58, 64 on the flexible connector 46 which connect to the integrated circuit 49 terminate at the 
connecting pad 124 and are aligned with a plurality of mating electrical contacts 128 on the integrated circuit 49. 
Preferably, the integrated circuit 49 is connected to the first and second plurality of electrical conductors 58, 64 
on the flexible connector 46 by a Tape Automated Bonding (TAB) mounting process, known to those of skill in the 
20 art. 

The jet plate assembly 44 is bonded to a bottom side 118 of the cartridge body 42 utilizing an adhesive 
bond. When the cartridge is assembled, the jet plate assembly 44 protrudes through the first opening 122 in the 
flexible connector 46. The first plurality of electrical connector elements 58 on the flexible connector 46 that 
connect to the jet plate assembly 44 terminate at the first opening 122 and are aligned with a first plurality of 

25 mating electrical contacts 126 on the jet plate assembly 44. The flexible connector 46 is aligned with the cartridge 
body 42 such that the first opening 122 in the connector 46 is aligned with the jet plate assembly 44 on the bottom 
side 1 18 of the cartridge body 42 and the connecting pad 124 and the integrated circuit 49 are aligned with a first 
side 120 of the cartridge body 42. After proper alignment has been achieved, the first side 114 of the flexible 
connector 46 is bonded to both the bottom side 118 and the first side 120 of the cartridge body 42 utilizing the 

30 Tape Automated Bonding (TAB) mounting process, a process known to those of skill in the art. 

In an alternate embodiment, the integrated circuit is connected to the flexible connector 46 utilizing the chip- 
on- board mounting process, a process which is known to those of skill in the art. In the chip-on-board mounting 
process, the first and second plurality of electrical conductors 58, 64 terminate at a third plurality of electrical 
contacts (not shown) proximate to the connecting pad 124 on the flexible connector 46. The third plurality of 

35 electrical contacts are connected to the mating contacts 128 on the integrated circuit 49 by a direct wiring method, 
i.e., one end of a wire (not shown) is bonded onto one of the electrical contacts and a second end of the wire is 
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bond8d to a corresponding one of the mating contacts 128. After all of the contact, are connected to the mating 
contact, 128. the integrated circuit 49, the wire, and the contact, are covered with a polymeric protective coafng. 

such as epoxy. . 

in another alternate embodiment, the integrated circuit 49 is connected to the flexible connector 46 utiong 
5 the surface mount (SMT) mounting process, which is known to those of skiU in the art. In the surface mount 
mounting process, the first and second plurality of electrica. conductors 58. 64 terminate at a third piuralhy of 
contacts (not shown) proximate to the second opening 124 on the flexible connector 46. The mating contacts 128 
on the integrated circuit 49 are arranged such that the mating contacts 128 come into direct contact wrth a 
corresponding one of the third plurality of e.ectrica. contacts. The mating contacts 128 and the electrica. contacts 
10 are soldered together. After the soldering is complete, the integrated circuit 49. the mating contacts 128. and the 
electrical contacts are covered wrth a polymeric protective coating, such as epoxy. 

In another alternate embodiment, the integrated circuit is attached using a flip chip mounting process. whtxh 
is known to those of skUl in the art. In the flip chip mounting process, solder balls on the mating connectors 128 
of the integrated tirc.it 49 are pressed agahut the flexible connector 46 and heated unti. the solder melts, thus 
1 5 connecting the integrated circuit 49 to the flexible connector 46. 

Advantageously, by adding the control and driver circuit 47 to the printer ink cartridge 40, the number of 
e ,ectrica. contacts 50 required to interface with an externa, devices is decreased. Wrth fewer e.ectrica. contacts 
50 the number of physical problems in the field caused by proper connection of the printer ink cartridge 40 to 
the externa, device, such as a printer, decreases. Therefore, the reliabi.ity of the printer ink cartridge 40 increases. 
|„ addition, severs, design pcob.ems were eliminated when the number of e.ectrica. contacts 50 was decreased from 
ninety contact, i.e.. the number of the first P .ura.ity of conductors 54 required to operate an eighty! our nozz.e ,et 
pIate 44 to ten eiectrica. contacts 50. The reduced number of external contacts 50 a.so decreases the 
manufacturing costs and increases the mechanical interconnect reliability cost, since the contacts 50 are expens-ve 
to manufacture. 

A! discuss* abo.e. locating .he control and drive, circuit 47 on the print., ink cart„dg. 40 proves 
p.rformance .1 the ,** pr.ce,, By moving ft. con,,., and dfr. M 4, on,, ft. cartridge 40. .he efficacy 
of ,he drive signals is rnp,.v.d and ft. camidg. 40 can be run ., . fas... ba.dwid.h. L... the use, can p,in, tam 
add,,,.n. .he noise end voltage .loc.oa.ions ft. dri... circuits 88 ... also reduced. ,he,....e ,h« ink is he.,.d 
consistently so an impmved consistency of d.ops of ink on the paper is .ch,.»ed. 

Further b, moving <he c.n„ol and drive, circui, 47 on,. ,he caruid.e 42 without m,e,r..in, ,h. ecu,. 
.,„,,„ ft. ie, Pl..= 44. .he complcity of manuf .curia, .he ie. pl.tr 44 is .educed. As described .b.«e. several 
,ddi,ion.l processes are ,.,»ired ,. m.nu.acur. . ie. pla.e 44 ,»a, can withs.snd the he., generated by .he b.a.rn, 
...men,. 72 ,nd ,ha, wil, no, ,eac, wi,h ft. ink ,ha, con.es in,, cont.c, with ,he |e> p,.,e 44. Th... addmone, 
procsses required for ft. beating elements 72 and ,. pr..e.t ft. silicon from mft, wi,h ,h. cltemicafs . he 
ink ma, reduce ,h, per.ann.nce ch.„c,.ris,ics .. ,he c..„o, ,nd -ri..r circuit 47. which is no, d.sir.b,e. Further. 
, hes = .ddi,ion, pr.ce.ses .nd ft. increased ,i« .. a ie, plate ,ss.mbl, 44 ,ha, Incrude, boft ft. he,*, efemants 
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72 and tha control and driver logic circuit 47 increase the reliability problems associated with the jet plate 44. By 
forming two separate devices, Le., a control and driver circuit 47 and a jet plate 44 with or without any driver or 
control logic, each device can be optimized for its intended operational parameters. If the control and driver circuit 
47 is not part of the jet plate 44, these additional processes do not have to be performed on the integrated circuit 
5 49 which houses the control and driver circuit 47. In addition, each device is a small circuit which can be easily 
manufactured resulting in a higher yield rate than a large circuit which would combine the electronics on both 
devices. Further, by having a separate integrated circuit 49, different manufacturing processes do not have to be 
mixed. Lastly, the size of the jet plate 44, Le., the number of jets, can be more easily scaled up or down without 
directly affecting the size of the silicon based jet plate assembly, because the heating elements 72 on the jet plate 
10 44 in the preferred embodiment are not formed from or on silicon. Rather, the heating elements, i.e., resistors, are 
formed utilizing thick film and thin film technology on a substrate. These thick film and thin film processes can be 
scaled much more easily than scaling a silicon heating element without deceasing the yield of the jet plate. 

Finally, by adding the memory storage element 48 to the cartridge 40 the cartridge 40 is able to 
nonvolatilely store data related to the cartridge 40 and the ink stored within the cartridge 40. Advantageously, the 
15 cartridge user does not have to physically review information on the label of the cartridge 40 to ascertain information 
about the cartridge 40 as the printer system or an external device can access the memory storage element 48 on 
the cartridge 40 to retrieve the necessary information. The memory storage element 48 is able to store a larger 
volume of information than can be printed on the label of the cartridge 40, thus enabling information which is not 
usually available to the printer, such as ink type, lot number of the ink, date of manufacture of the cartridge and 
20 data from a spectral analysis of the ink, to be stored on the cartridge 40. In addition, if the label is accidently 
destroyed or removed from the cartridge 40, the printer can always access the information stored in the memory 
storage element 48 to determine the desired information. 

Further, by incorporating a memory storage element 48 on the cartridge 40, data regarding the approximate 
number of ink drops expelled from the cartridge 40 can be read from the memory storage element 49. As described 
25 above, the counter 89 counts the number of times a driver circuit 88 connected to one of the heating elements 72 
is energized. From this approximate number of ink drops expelled, the printer can automatically determine the 
approximate amount of ink remaining in the cartridge 40 and warn the user if the ink supply is running low. Further, 
by counting the number of drops of ink that have been fired by the cartridge 40, the user can be warned when the 
cartridge 40 needs to be serviced and/or replaced. For example, if after two refills of ink the cartridge 40 needs 
30 to be serviced, once the stored number of drops of ink is indicative of two refills of ink, the user will receive a 
warning message indicating that service of the cartridge 40 is advised. Thus, the addition of the memory storage 
element 48 not only adds significant memory storage capabilities to the cartridge 40, but also enables the 
implementation of additional features to the cartridge 40. 

The present invention may be embodied in other specific forms without departing from its spirit or essential 
35 characteristics. The described embodiments are to be considered in all respects only as illustrative and not 
restrictive. The scope of the invention is, therefore, indicated by the appended claims rather than the foregoing 
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description. AD changes which come within the meaning and range of equivalency of the claims are to be embraced 
within their scope. 
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WHAT IS CLAIMED IS : 

1. A printer ink cartridge including both (i) a jet plate having a plurality of heating elements therein 
and fii) a control and driver circuit, attached to the body of the cartridge without adding complexities to the 
manufacture of the jet plate assembly or decreasing the performance of the control and logic circuit, wherein; 

5 (a) said cartridge body contains ink; 

(b) said cartridge includes a plurality of ink orifices; 

(c) each of said heating elements is located proximate to an associated one of said orifices 
for heating a portion of ink and expelling said ink from said associated orifice; 

(d) said control and driver circuit is attached to the cartridge body spaced apart from said 
10 jet plate, said control and driver circuit containing a control circuit and a plurality of driver circuits, wherein 

each of said driver circuits is connected to one of said heating elements and a portion of said control circuit 
is connected to said plurality of said driver circuits to control when the one of said heating elements is 
energized to heat said portion of ink; and 

(e) said cartridge includes a plurality of electrical conductors connecting said jet plate to said 
15 control and driver circuit. 

2. The printer ink cartridge defined in Claim 1, wherein said plurality of electrical conductors are 
located on a flexible connector. 

3. The printer ink cartridge as defined in Claim 1, wherein said plurality of electrical conductors are 

formed on Kapton tape. 

20 4. The printer ink cartridge as defined in Claim 2, wherein said jet plate is connected to said flexible 

connector by a TAB mounting process. 

5. The printer ink cartridge as defined in Claim Z wherein said control and driver circuit is formed 

on an integrated circuit. 

6. The printer ink cartridge as defined in Claim 5, wherein said integrated circuit is connected to said 
25 flexible connector by a chip-on-board mounting process. 

7. The printer ink cartridge as defined in Claim 5, wherein the integrated circuit is connected to the 
flexible connector by a surface-mount mounting process. 

8. The printer ink cartridge as defined in Claim 5, wherein the integrated circuit is connected to the 
flexible connector by a TAB mounting process. 

30 9. The printer ink cartridge as defined in Claim 1, wherein said plurality of heating elements are 

resistive elements. 

10. The printer ink cartridge as defined in Claim 1, further comprising a plurality of electrical contacts, 
wherein said control and driver circuit is connected to said plurality of electrical contacts for communicating 
information from said control and driver circuit to a location remote from said printer ink cartridge. 
35 ? ; 11. A printer ink cartridge, comprising: 
^ (a) a rigid cartridge body; 
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(b) a plurality of nozzles; 

•(c) a jet piata assembly, said jet plate assembly comprising control signal lines and a plurality 
of resistive heating elements, each of said resistive heating elements being located proximate to and 
associated with one of said nozzles, said resistive heating elements being selectively energized by one or 

5 more driver control signals to eject ink from said orifices; 

(d) a control and driver integrated circuit comprising a plurality of logic gates and a plurality 
of driver control logic circuits, wherein said logic gates control the activation of said driver control logic 
circuits and said driver control logic circuits control the state of the driver control signals to selectively 
activate said resistive heating elements for expelling ink from said ink jet orifices; 

, 0 |e) a flexible connector comprising a first plurality of electrical conductors, a second plurality 

of electrical conductors, and a polymeric flexible coating, wherein said first plurality of conductors further 
comprises a plurality of driver lines and a plurality of control lines, one side of each of said plurality of 
control lines is connected to one of said logic circuits on said integrated circuit and another side is 
connected to bank control signal lines on the jet plate and one side of each of said plurality of driver lines 

15 is connected to one of said plurality of driver control logic circuits on said integrated circuit and another 

side is connected to one of said resistive heating elements on said jet plate; and 

(f) a plurality of electrical contacts, wherein one side of said second plurality of electrical 
conductors is connected to said integrated circuit and a second side of said second plurality of electrical 
conductors is connected to said plurality of electrical contacts for communicating information to an external 

20 source. . 

12. The printer ink cartridge of Claim 1 1. wherein said polymeric coating is formed by Kapton tape. 

13. The printer ink cartridge of Claim 1 1, wherein said integrated circuit is located far from said jet 
plate and proximate to said electrical contacts. 


25 


30 


35 


14. A printer ink cartridge capable of storing information regarding said cartridge, including (i) a 
cartridge body containing ink. (ii) a plurality of ink ejection orifices and (iii) a jet plate comprising a plurality of 
heating elements, wherein each of said plurality of heating element is associated with one of said ink ejection 

orifices, said printer ink cartridge comprising: 

(a) a control and driver circuit comprising a control circuit and a plurality of driver circuits, 
wherein a portion of said control circuit is connected to each of said plurality of driver circuits for 
controlling the energization of said driver circuits and each of said plurality of driver circuits is connected 
to one of said heating elements to energize said heating element for applying a drop of ink; 

lb) a plurality of electrical conductors connecting said jet plaU to said control and driver 

circuit; and „ ^.,r 

(c) a memory storage element electrically connected to said control and driver crcu.t. 
1 5. Hie cartridge of Claim 14. wherein said memory storage element comprises a flash memory. 
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16. The cartridge of Claim 14, wherein said memory storage element comprises an EEPROM. 

17. The cartridge of Claim 14, wherein said memory storage element comprises a RAM. wherein said 
RAM is connected to a battery power supply. 

18. The cartridge of Claim 14, wherein said memory storage element comprises a PROM. 

5 19. The cartridge of Claim 14. wherein said memory storage element stores information regarding said 

cartridge and said ink selected from the group consisting of: ink type, ink color, lot number of the ink. date of 
manufacture of the cartridge, data from a spectral analysis of the ink, initial amount of ink stored in the cartridge 
body, amount of ink delivered, and amount of ink remaining in the cartridge body. 

20. The cartridge of Claim 14. wherein said control and driver circuit is formed on en integrated 

1 0 circuit. 

21. The cartridge of Claim 14, wherein said control and driver circuit and said memory storage element 
are formed on a single application-specific integrated circuit (ASIC). 

22. The cartridge of Claim 14, wherein said control and driver circuit further comprises a counter for 
counting the number of times the heating elements on seid cartridge ere energized. 

15 23. The cartridge of Claim 22, wherein said counter stores a value in said memory element when 

instructed by the logic block. 

24. The cartridge of Claim 14. further comprising a plurality of conductive pads, wherein said 
conductive pads are connected to said control and driver circuit at one end and at an opposite end to a location 
remote from said cartridge. 

2Q 25. The cartridge of Claim 14, wherein said control and driver circuit further comprises a plurality of 

flip-flops. 

26. The cartridge of Claim 14, wherein said plurality of heating elements are resistive elements. 

27. A printer ink cartridge which automatically calculates the amount of ink remaining in the cartridge 

body, said cartridge comprising: 
25 (a) a control and driver circuit comprising a control circuit and a plurality of driver circuits, 

wherein a portion of said control circuit is connected to each of said plurality of driver circuits for 
controlling the energization of said driver circuits and each of said plurality of driver circuits is connected 
to an associated one of said nozzles to energize said nozzles for applying a drop of ink; 

(b) a counter electrically connected to said control and driver circuit for counting to a 
30 .,-„. maximum value, said counter being incremented each time one of said driver circuits is energized; and 

rv-i. ... (cl r a memory storage element responsively connected to said counter. 

, r :: „„ ,. - K v28. A cartridge for an ink printer, haying memory capabilities, comprising: 
i ■ i r(a) a rigid cartridge body containing ink; 

... •,• , h . (b). a plurality of ink ejection orifices; 

35 Id a jet plate comprising a plurality of heating elements, wherein each of said plurality of 

heating element is associated with one of said ink ejection orifices; 
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(d) a memory storage element and a control and driver circuit connected together and formed 
on an application specific integrated circuit, said control and driver circuit comprising a control circuit, a 
plurality of driver circuits and a counter, wherein (i) a first portion of said control circuit is connected to 
each of said plurality of driver circuits for controlling the energization of said driver circuits <fi) a second 
portion of said control circuit is connected to said counter for controlling the operation of said counter, and 
(iii) a third portion of said control circuit is connected to said memory storage element for routing 
information to/from said memory storage element from/to an external device and wherein each of said 
plurality of driver circuits b connected to one of said heating elements to energize said heating element for 

applying a drop of ink; 

(e) a plurality of electrical contacts; 

(f ) a first plurality of electrical conductors connecting said jet plate to said integrated circuit; 

and 

(g) a second plurality of electrical conductors connecting said integrated circuit to said 
electrical contacts for communicating information to/from an external device. 

29. The cartridge of Claim 28, wherein said memory storage element comprises a flash memory. 

30 The cartridge ofJCIaim 28, wherein said memory storage element is capable of storing information 
regarding said cartridge and said ink selected from the group consisting of: ink type, ink color, lot number of the ink, 
date of manufacture of the cartridge, data from a spectral ana.ysis of the ink. initial amount of ink stored ,n the 
cartridge body, amount of ink delivered, and amount of ink remaining in the cartridge body. 

31. A method of forming a printer ink cartridge, comprising the steps of: 
attaching a jet plate assembly to a cartridge body; 

attaching an integrated circuit to a flexible conductor, said flexible conductor comprising a plurality 

of electrical conductors; and 

attaching a flexible conductor having an integrated circuit attached thereto to said cartridge body, 
wherein said plurality of electrical conductors electrically connect said jet plate assembly and said integrated 
circuit. 

32. A method for accessing information stored in a memory storage element on a printer ink cartridge 

from an external device, comprising the steps of: 

routing address information from said external device to said memory storage element on sa.d 

printer ink cartridge; 

retrieving data stored in a location of said memory storage device indicated by said address 
information; 

routing said retrieved data from said memory storage device to said external device. 
33 A method for automatically calculating the amount of ink remaining in a printer ink cartridge, said 
printer ink cartridge having |i) a counter capable of counting to a maximum number, (ii) a memory storage element 
and (iii) a plurality of nozzles, comprising the steps of: , 


I 


WO 96/05061 PCI7US93/10069 

-19- 

incrementing said counter for each drop of ink expelled from each of said plurality of nodes; and 
storing the value of said counter at a specified time interval in said memory storage element. 

34. A method for automatically calculating the amount of ink remaining in a printer ink cartridge as 
defined in Claim 33 additionally comprising the steps of: 

5 storing an initial amount of ink contained in said printer ink cartridge in said memory storage 

element; and 

subtracting the value of said counter stored in said memory storage element from said stored initial 
amount of ink contained in said printer ink cartridge. 

35. A method for automatically calculating the amount of ink remaining in a printer ink cartridge, said 
10 printer ink cartridge having (i) a counter capable of counting to a maximum number, (S) a memory storage element 

and (iii) a plurality of nozzles, comprising the steps of: 

incrementing said counter for each at least one drop of ink expelled from each of said plurality 

of nozzles; 

storing a bit of data in said memory storage element each tine said counter reaches a maximum 

15 value; and 

< resetting said counter to an initial value when said counter reaches said maximum value. 

36. A method for automatically calculating the amount of ink remaining in a printer ink cartridge as 
defined in Claim 35 additionally comprising the step of: 

storing an initial amount of ink contained in said printer ink cartridge in said memory storage 

20 element. 

37. A method for automatically calculating the amount of ink remaining in a printer ink cartridge as 
defined in Claim 36 additionally comprising the steps of: 

calculating the amount of ink expelled from said cartridge; and 

subtracting the amount of ink expelled from said cartridge from said stored initial amount of ink contained 

25 in said printer ink cartridge. 

38. A method for automatically calculating the amount of ink remaining in a printer ink cartridge as 
defined in Claim 37, wherein said calculating step further comprises the step of multiplying the number of data bits 
stored in memory by said maximum value of said counter. 

39. A printer having a platen, a support structure, and print carnage, wherein said support structure 
30 supports said print carriage above the platen and said print carriage comprising at least one printer cartridge holders, 

said printer further comprising: ■ -r 

a printer cartridge mounteduin said at least one printer cartridge holder, said printer cartridge further 

composing:- 5 ^-: -nc cu-sr- ■ 

....j;:_vi >:nji(a) ; F y. a cartridge body containing ink; ' : -*" r 

35 « ■■< *r- (bhe :.mc ^a 'plurality .of ink orifices; > c- < e<".;- 
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, c) a jet plate comprising a plurality of heating elements, each of said heating elements is 
located proximate to an associated one of said orifices for heating a portion of ink and expelling said ink 

from said associated orifice; 

,d) a control and driver circuit attached to the cartridge body spaced apart from said jet 
5 put. said control and driver circuit containing a control circuit and a plurality of drrver circuits, wherein 

each of said driver circuits is connected to one of said heating elements and a portion of said control crcurt 
is connected to said pluraFrty of said drrver circuits to control when the one of said heating elements « 

energized to heat said portion of ink; and 

M a plurality of electrical conductors connecting said jet plate to said control and driver 

10 circuit. 

40 A print.. h3«in S a plain. . support sOTctn... «.« P*t c=„ia 9 e. said support s.n,c.u,e 

supports said p.int on*. ab.»e m platen and said ptt «*. a. teas. - p.ia.» cm*. h.ld..s, 

said printer further comprising: 

a printer cartridge mounted in said at least one printer cartridge ho.der. said printer cartridge .nclud.ng (0 
, 5 a cartridge body containing ink. (ii) a polity of ink ejection orifices and (iii) a jet plate comprising a plurahty of 
heating events, wherein each of said p.uralhy of heating element is associated with one of said ink e.ect.on 
or'rf ices, said printer cartridge further comprising: 

(a , a control and driver circuit comprising a control circuit and a plurality of drrver c.rcurts, 
wherein a portion of said centre, circurt is connected to each of said plurality of driver circuits, for 
controlling the energization of said driver circuits and each of said plurality of driver circuits is connected 
to one of said heating elements to energize said heating element for applying a drop of mk; 

(b ) a plurality of electrical conductors connecting said jet plate to said control and driver 

circuit; and . . 

(c) a memory storage element electrically connected to said control and driver orcuit. 


20 
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